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Riparian Buffer Systems 
in Crop and Rangelandsl 
Richard C. Schultz, Thomas M. Isenhart, and Joe P. Colletti2 
Abstract - Riparian ecosystems occupy a narrow belt of land along streams and 
around lakes and wetlands and are characterized by plant and animal communi-
ties that are dependent on close proximity to water. These ecotones function as 
buffer zones for materials moving from the uplands toward the surface water. 
They control stream morphology and ecology and also maintain landscape bio-
diversity by providing diverse habitats and corridors for animals and plants. 
Most of the riparian zones in the Midwestern agroecosystems and arid and semi-
arid western rangelands have been extensively impacted by agricultural crop-
ping and grazing activities. These impacts have generally decreased water quali-
ty, impaired riparian and instream biodiversity, increased water quantity, and 
modified the timing of streamflow. Riparian zones are generally resilient 
because of their moist, moderate and fertile environments. With proper manage-
ment, this resiliency can be sustained. Proper management should include con-
struction or restoration of multi-species buffer strips and deferred or rotational 
grazing or exclusion of livestock. Several riparian zone restoration and manage-
ment strategies are discussed. 
Introduction 
Riparian zones lie between aquatic and upland 
ecosystems in landscapes and play a critical role 
in the hydrology of watersheds (Smith 1992; Kira 
1988; Lowrance et al. 1985a; Lowrance et al. 
1984a). Because of their landscape position and 
their more frequent natural disturbance, riparian 
zones contain sharp biological and physical gradi-
ents. This results in a plant community that often 
contains a mosaic of age classes of upland species 
and species adapted to abundant water 
(Anderson and Masters 1992; Gregory et al. 1991). 
The typically long and narrow nature, along with 
the unique physical and biological processes, 
allow riparian zones to act as "strategic" buffers 
between upland and aquatic ecosystems (Osborne 
I Paper presented at the Agroforestry and Sustainable Systems 
Symposium (Fort Collins. CO. August 7-70. 1994). 
2Richard C. Schultz is Forest Ecologist/Hydrologist. Thomas M. 
Isenhart is Aquatic Ecologist, and Joe P. Colletti is Forest 
Economist, Department of Forestry, Iowa State University, 
Ames. lA 50011. 
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and Kovacic 1993; Nutter and Gaskin 1989; 
Lowrance et al. 1985b). Although a riparian zone 
may occupy as little as one percent of the land 
area in the arid watersheds of the west, these 
ecosystems are among the most productive in the 
landscape (Chaney et al. 1990). This paper will 
describe the important riparian ecosystem func-
tions, present conditions of riparian zones in 
Midwestern agroecosystems and semi-arid and 
arid rangelands, and strategies for their restora-
tion and management. Strategies discussed 
include the multi-species riparian buffer strip 
management system and methods of seasonal, 
deferred and rotational grazing. 
• 
Riparian Zone Functions 
Riparian zones provide important links 
between the terrestrial upland ecosystems and 
aquatic stream or lake ecosystems (Osborne and 
Kovacic 1993; Franklin 1992; Elmore 1992; 
Gregory et al. 1991; Welsch 1991; Lant and 
Roberts 1990). Some of the most important func-
tions in agricultural and grazing landscapes 
include filtering and retaining sediment, immobi-
lizing, storing, and transforming chemical inputs 
from uplands, maintaining streambank stability, 
modifying stream environments, and providing 
water storage and recharge of subsurface 
aquifers. 
Sediment Filtering and Retention 
About 1.4 mt of sediment are delivered to sur-
face waters in the US every year (Welsch 1991). 
Croplands account for 38 percent of this sediment 
while pastures and rangelands account for 26 per-
cent (Welsch 1991). Excess sediment impairs 
aquatic life, clogs stream channels, reduces reser-
voir flood storage and contaminates water sup-
plies. Riparian forest and grass communities can 
filter up to 90 percent of the sediment entering 
them from the uplands. The vertical structure of 
the standing plants and the organic litter provide 
frictional surfaces which slows water flow caus-
ing the sediment to be deposited (Magette et al. 
1989; Dillaha et al. 1989; Cooper et al. 1987; 
Lowrance et al. 1986, 1988; Peterjohn and Correll, 
1984; Brinson et al. 1981; Mahoney and Erman 
1984). High infiltration rates of undisturbed ripar-
ian zone soils allow finer sediments and associat-
ed nutrients to enter into the soil before reaching 
the stream. As a result, as much as 80 percent of 
the phosphorus adsorbed to sediment particles 
can be filtered from surface runoff by forested 
riparian buffer zones (Welsch 1991). However, 
riparian zones are effective for sediment retention 
only if surface flow through them is maintained 
as sheet flow. Concentrated channel flow can 
destroy the continuity of the filter strip. 
Longevity of sediment trapping ability varies 
between forest and grass communities. Cooper et 
al. (1987) and Lowrance et al. (1988) suggest that 
forest riparian buffers can filter sediments over 
long periods whereas Magette et al. (1989) and 
Dillaha et al. (1989) indicate that grass buffer 
strips may have short sediment filtering lives. If 
cool season, short grasses are replaced by native, 
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tall prairie grasses, grass buffer strips have a 
longer sediment trapping life span (Schultz et al. 
unpublished data). In either case, sediment accu-
mulation along the edges of any riparian buffer 
strip will have to be periodically renovated and 
areas of concentrated flow will have to be modi-
fied. Filtration of sediment from flood flows will 
also build streambanks and can create wet mead-
ows and floodplain ecosystems (Chaney et al. 
1990). 
Nutrient and Chemical Processing 
A growing body of evidence indicates that 
vegetated riparian zones can be effective at immo-
bilizing, storing, and transforming chemical 
inputs from uplands. One of the major problems 
associated with agricultural production in the US 
is movement of fertilizers and pesticides from the 
uplands into the surface waters of the landscape 
(Knox and Moody, 1991; Lant and Roberts 1990; 
Felsot, 1988). Nitrogen is one of the most perva-
sive of the chemical non-point source (NPS) pol-
lutants. Croplands contribute 43 percent of the 
annual nitrogen input to surface waters while 
pasture and rangelands contribute 25 percent 
(Welsch 1991). 
Riparian forests and grass communities reduce 
nitrogen by 40-100 and 10-60 percent, respectively 
{Petersen et al. 1992; Osborne and Kovacic 1993). 
The methods of chemical removal in riparian sys-
tems include plant and microbial uptake and 
immobilization, microbial transformation in sur-
face and groundwater and adsorption to soil and 
organic matter particles. The effectiveness of these 
processes will depend on the age and condition of 
the vegetation, soil characteristics such as porosi-
ty, aeration, and organic matter content, the depth 
to shallow groundwater and the rate with which 
surface and subsurface waters move through the 
buffer strip (Groffman et al. 1992; Lowrance 1992). 
Plants can assimilate and immobilize nutrients 
such as nitrogen (N) and phosphorus (P) as well 
as heavy metals and pesticides. However, to be 
effective at removing these chemicals, plants must 
have access to high water tables or there must be 
sufficient unsaturated flow (Ehrenfield 1987). 
-P l a n t s  w i l l  a l s o  n o t  r e m o v e  c h e m i c a l s  f r o m  w a t e r  
w h i c h  i s  m o v i n g  t o o  r a p i d l y  o v e r  t h e  s u r f a c e  o r  
a s  p r e f e r e n t i a l  f l o w  t h r o u g h  m a c r o p o r e s .  C o r r e l l  
e t  a l .  ( 1 9 9 4 )  a n d  S c h u l t z  e t  a l .  ( u n p u b l i s h e d  d a t a )  
h a v e  o b s e r v e d  t h a t  n i t r a t e  i s  n o t  e f f e c t i v e l y  
r e d u c e d  i n  c o a r s e  t e x t u r e d  s o i l s  u n d e r  h i g h  f l o w  
e v e n t s  w h e n  m u c h  o f  t h e  a n n u a l  N  l o a d i n g  o f  t h e  
b u f f e r  z o n e  m i g h t  b e  t a k i n g  p l a c e .  I n  a d d i t i o n ,  
r i p a r i a n  v e g e t a t i o n  w i l l  b e  a n  e f f e c t i v e  s i n k  o n l y  
a s  l o n g  a s  t h e  p l a n t s  a r e  a c t i v e l y  a c c u m u l a t i n g  
b i o m a s s .  O n c e  a n n u a l  b i o m a s s  p r o d u c t i o n  i s  
e q u a l  t o  o r  l e s s  t h a n  l i t t e r f a l l ,  t h e r e  w i l l  b e  n o  n e w  
a d d i t i o n  t o  t h e  s t a n d i n g  b i o m a s s  s i n k .  P l a n t s  
m u s t  b e  h a r v e s t e d  b e f o r e  t h a t  t i m e  i f  t h e y  a r e  t o  
r e m a i n  v i a b l e  a g r i c h e m i c a l  s i n k s .  H o w e v e r ,  
r e l e a s e  o f  p o l l u t a n t s  b y  l i t t e r  d e c o m p o s i t i o n  m a y  
b e  b e n e f i c i a l  i f  t h e  v e g e t a t i o n  r e m o v e d  t h e  n u t r i -
e n t s  f r o m  t h e  g r o u n d w a t e r ,  w h e r e  t h e  p o t e n t i a l  
f o r  t r a n s f o r m a t i o n  t o  h a r m l e s s  b y - p r o d u c t s  i s  
o f t e n  q u i t e  l o w  ( G r o f f m a n  e t  a l .  1 9 9 2 ;  L o w r a n c e  
1 9 9 2 ) .  
M i c r o b i a l  p r o c e s s e s  a r e  a l s o  i m p o r t a n t  i n  
r e d u c i n g  N P S  p o l l u t i o n  i n  t h e  l a n d s c a p e .  M i c r o b e  
w i l l  a s s i m i l a t e  a n d  i m m o b i l i z e  N P S  p o l l u t a n t s  
b u t  t h e i r  r a p i d  t u r n o v e r  a n d  r e l a t i v e l y  s m a l l  b i o -
m a s s  m a y  m a k e  t h i s  a  m i n o r  s i n k .  M i c r o b e s  m a y  
a l s o  d e g r a d e  m a n y  o r g a n i c  c o m p o u n d s  s u c h  a s  
p e s t i c i d e s .  H o w e v e r ,  t h e  m e t a b o l i c  b r e a k d o w n  o f  
t h e s e  o r g a n i c  c o m p o u n d s  i s  d e p e n d e n t  o n  r e a d i l y  
a v a i l a b l e  o r g a n i c  m a t t e r  i n  t h e  s o i l  ( N a t i o n a l  
R e s e a r c h  C o u n c i l 1 9 9 3 ) .  
U n d e r  a n a e r o b i c  c o n d i t i o n s  m i c r o b e s  c a n  d e n -
i t r i f y  n i t r a t e  i n t o  h a r m l e s s  n i t r o g e n  g a s .  T h i s  
p r o c e s s  h a s  b e e n  f o u n d  t o  o c c u r  i n  s u r f a c e  s o i l s  o f  
r i p a r i a n  f o r e s t s  ( H a y c o c k  a n d  P i n a y  1 9 9 3 ;  J o r d a n  
e t  a l .  1 9 9 3 ;  G r o f f m a n n  e t  a l .  1 9 9 2 ;  A m b u s  a n d  
L o w r a n c e  1 9 9 1 ;  C o r e l l  a n d  W e b e r  1 9 8 9 ;  J a c o b s  
a n d  G i l l i a m  1 9 8 5 ;  L o w r a n c e  e t  a l .  1 9 8 4 B ;  
P e t e r j o h n  a n d  C o r r e l 1 1 9 8 4 )  a n d  s e e m s  t o  b e  
d e p e n d e n t  o n  t h e  a v a i l a b i l i t y  o f  c a r b o n  ( S t a r r  a n d  
G i l l h a m  1 9 9 3 ;  O b e n h u b e r  a n d  L o w r a n c e  1 9 9 1 ;  
P a r k i n  a n d  M e i s i n g e r  1 9 8 9 ;  S l a t e r  a n d  C a p o n e  
1 9 8 7 :  S m i t h  a n d  D u f f  1 9 8 8 ;  T r u d e l l  e t  a l .  1 9 8 6 ) .  
W i d e r  v e g e t a t e d  b u f f e r  s t r i p s  a r e  u s u a l l y  m o r e  
e f f i c i e n t  a t  r e m o v i n g  n u t r i e n t s  ( P e t e r s e n  e t  a l .  
1 9 9 2 ) .  H o w e v e r ,  t h e  l o n g - t e r m  n u t r i e n t  r e m o v a l  
e f f e c t i v e n e s s  o f  b u f f e r  s t r i p s  i s  n o t  k n o w n  
( H a n s o n  e t  a l .  1 9 9 4 ;  O s b o r n e  a n d  K o v a c i c  1 9 9 3 ) .  
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W e t l a n d s  t h a t  m a y  b e  a n  i n t e g r a l  p a r t  o f  i n t e g r a t -
e d  r i p a r i a n  m a n a g e m e n t  s y s t e m s  a r e  h i g h l y  e f f i -
c i e n t  a t  d e n i t r i f i c a t i o n  b e c a u s e  o f  t h e i r  l a r g e  
q u a n t i t i e s  o f  o r g a n i c  s e d i m e n t s  a n d  d e c a y i n g  
p l a n t  m a t e r i a l  ( C r u m p t o n  e t  a l .  1 9 9 3 ) .  
S t r e a m b a n k  S t a b i l i t y  
W h e n  r i p a r i a n  v e g e t a t i o n  i s  d r a s t i c a l l y  m o d i -
f i e d  o r  r e m o v e d ,  s t r e a m b a n k s  b e c o m e  u n s t a b l e  
a n d  c o l l a p s e ,  r e s u l t i n g  i n  c h a n g e s  i n  c h a n n e l  
w i d t h  a n d  s t r u c t u r e  ( F l e i s c h n e r  1 9 9 4 ;  E l m o r e  
1 9 9 2 ;  A r m o u r  e t  a l .  1 9 9 1 ;  P l a t t s  1 9 8 9 ) .  T h e  w o o d y  
a n d  f i b r o u s  r o o t s  o f  p l a n t s  g r o w i n g  o n  t h e  
s t r e a m b a n k  p r o v i d e  s t r e n g t h  t o  h o l d  t h e  s t r e a m -
b a n k  i n  p l a c e .  P l a n t  r o o t s  i n c r e a s e  s o i l  s t a b i l i t y  b y  
m e c h a n i c a l l y  r e i n f o r c i n g  s o i l  a n d  b y  r e d u c i n g  t h e  
w e i g h t  o f  s o i l  t h r o u g h  e v a p o t r a n s p i r a t i o n  
( W a l d r o n  a n d  D a k e s s i a n  1 9 8 2 ) .  D e e p e r  r o o t e d  
p l a n t s  e x t r a c t  m o r e  w a t e r  f r o m  g r e a t e r  s o i l  d e p t h s  
t h a n  s h a l l o w  r o o t e d  p l a n t s .  W o o d y  p l a n t  r o o t s  
p r o v i d e  s u p e r i o r  s o i l  s t a b i l i z a t i o n  w h e n  c o m -
p a r e d  t o  h e r b a c e o u s  p l a n t s  b e c a u s e  o f  t h e i r  d e e p -
e r  r o o t i n g  h a b i t  a n d  t h e i r  l a r g e r  r o o t s  ( W a l d r o n  e t  
a l .  1 9 8 3 ) .  W o o d y  r o o t s  p r o v i d e  p r o t e c t i o n  a g a i n s t  
t h e  h y d r a u l i c  p r e s s u r e s  o f  h i g h  f l o w s  w h i l e  
f i b r o u s  r o o t s  b i n d  t h e  f i n e r  s o i l  p a r t i c l e s  ( E l m o r e  
1 9 9 2 ) .  T a l l  g r a s s  p r a i r i e  s p e c i e s  a r e  m o r e  e f f e c t i v e  
t h a n  s h o r t  c o o l  s e a s o n  g r a s s e s  a t  p r o v i d i n g  
s t r e a m b a n k  s t a b i l i t y  b e c a u s e  o f  t h e i r  d e e p e r  
f i b r o u s  r o o t  s y s t e m s .  T h e r e  c a n  b e  u p  t o  n i n e  
t i m e s  m o r e  r o o t s  i n  t h e  t o p  4 5  e m  o f  s o i l  a n d  u p  t o  
f i v e  t i m e s  m o r e  a t  1 0 0  e m  d e p t h  f o r  p r a i r i e  g r a s s  
s p e c i e s  t h a n  f o r  c o o l  s e a s o n  s p e c i e s  ( S c h u l t z  e t  a l .  
1 9 9 5 ) .  
l n s t r e a m  E n v i r o n m e n t  
L o s s  o r  m o d i f i c a t i o n  o f  r i p a r i a n  v e g e t a t i o n  i s  
o n e  o f  t h e  m a j o r  r e a s o n s  f o r  t h e  r e d u c e d  q u a l i t y  
o f  t h e  a q u a t i c  e n v i r o n m e n t  t h r o u g h o u t  t h e  U n i t e d  
S t a t e s  ( F l e i s c h n e r  1 9 9 4 ;  S w e e n e y  1 9 9 2 ;  M e n z e l  
1 9 8 3 ) .  R i p a r i a n  v e g e t a t i o n  c o n t r o l s  t h e  q u a n t i t y  
a n d  q u a l i t y  o f  s o l a r  r a d i a t i o n  r e a c h i n g  t h e  w a t e r  
s u r f a c e  i n  l o w e r  o r d e r  s t r e a m s  a n d  t h u s  i n f l u -
ences autochthonous production and water tem-
perature (Gregory et al. 1991; Sweeney 1992; 
Sinokrot and Stefan 1993). Organic matter input 
into the stream from riparian vegetation is an 
important energy source for aquatic organisms. 
Differences in quality and quantity of organic 
matter inputs between conifer and deciduous 
forests and between forests and grasslands often 
determine the structure of the invertebrate popu-
lations in the stream (Bilby and Bisson 1992; 
Gregory et al. 1991; Gurtz et al. 1988; Oliver and 
Hinckley 1987; Behmer and Hawkins 1986). 
Finally, large woody debris in the stream channel 
influences the physical structure of the channel by 
controlling the distribution of pools which store 
and detain sediments and riffles which oxygenate 
the water (Sweeney 1992; Gregory et al. 1991; 
Bisson et al. (1987). The more riparian zones can 
perform these "natural" functions the more 
diverse, productive, and resilient the instream 
ecosystem will be (Franklin 1992). 
Water Storage and Groundwater 
Recharge 
Vegetated riparian zones function to slow 
flood flow which allows water to spread and soak 
into the soil thereby recharging local groundwater 
and extending the baseflow through the summer 
season (Elmore 1992; Wissmar and Swanson 
1990). In the West many streamside aquifers go 
dry later in the season because of poor livestock 
management on riparian zones (Elmore 1992). In 
the Cornbelt states of the U.S., channelization and 
tile drainage lower watertables to reduce the 
chance of out-of-channel flood flows in the ripari-
an zone (Menzel1983). 
Riparian ecosystems are also important travel 
corridors for both animals and plants. They pro-
vide lush and diverse habitat for wildlife and 
because of their rich, moist microenvironments 
they are often the source of both upland and bot-
tomland plants species in the landscape especially 
after upland perturbations (Naiman et al. 1993; 
Gregory et al. 1991). 
The functions and processes of long, narrow 
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riparian zones are extremely important to sustain-
ing quality agricultural landscapes. These narrow 
ecosystems intercept and process nutrients, sedi-
ment and organic matter, which originates from 
the adjacent land. If these materials reach the 
stream they reduce water quality and their loss 
from the uplands reduces productivity. Because of 
the importance of these riparian ecosystems in 
cropland and rangeland ecosystems, effective 
methods for saving, restoring and managing 
riparian zones must be developed (National 
Research Council1993). 
Present Condition of Cropland and 
Rangeland Riparian Zones 
Midwestern Cropland 
The highly productive crop production regions 
of the midwest are a mosaic of crop and pasture 
lands, human habitations and small remnants of 
native prairie, wetland, and forest ecosystems. 
Most of the natural ecosystems have been con-
verted to intensively managed agroecosystems in 
the twelve states ranging from Ohio to the eastern 
portions of the Dakotas, Nebraska, and Kansas, 
and from the southern portions of the Lake States 
to the northern half of Missouri. In Iowa, for 
example, 99% of the prairie and wetland area and 
more than 80% of the forest area have been con-
verted to other uses (Bishop and van der Valk, 
1982; Thomson and Hertel, 1981). Ohio, Indiana, 
Illinois and Missouri drained more than 85 per-
cent of their wetlands by the mid 1980's (Dahl et 
al. 1991). In most of the midwest region less than 
20 percent of the natural prairie, forest, wetland 
and riparian ecosytems still exist (Burkart et al. 
1994). In a typical watershed in central Iowa 
about 50% of the total length of stream channel 
may be cultivated with corn and/ or soybeans to 
the bank edge. Another 30% of the length may be 
in pasture, most of which is overgrazed 
(Bercovici, 1994). Annual soil erosion is greater 
than 6.7 Mg/ha in much of the central part of this 
region and in some area~ is greater than 11.2 
Mg/ha despite that fact that many of these same 
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a r e a s  h a v e  o v e r  5 0  p e r c e n t  o f  t h e  l a n d  i n  u p l a n d  
c o n s e r v a t i o n  p r a c t i c e s  ( B u r k h a r t  e t  a l .  1 9 9 4 ) .  
B e c a u s e  t h e y  h a v e  l i t t l e  o t h e r  p e r c e i v e d  v a l u e ,  
m a n y  k i l o m e t e r s  o f  M i d w e s t e r n  r i p a r i a n  z o n e s  
h a v e  l i v e s t o c k  f e n c e d  i n t o  t h e m  a s  a  m a n a g e m e n t  
p r a c t i c e .  L i v e s t o c k  u n d e r  t h e s e  c o n d i t i o n s  d o  
e x t e n s i v e  d a m a g e  t o  t h e  s t r e a m  c h a n n e l ,  t h e  
s t r e a m b a n k s  a n d  t h e  r i p a r i a n  z o n e .  
M o d e r n  p r o d u c t - o r i e n t e d  a g r i c u l t u r e  h a s  p u t  
t h i s  m i d w e s t e r n  a g r o e c o s y s t e m  a t  r i s k .  T h e  p r o -
d u c t i o n - o r i e n t e d  f u n c t i o n  o f  t h i s  l a n d s c a p e  h a s  
p r o d u c e d  u n i n t e n d e d  a n d  u n d e s i r a b l e  e n v i r o n -
m e n t a l  c o n s e q u e n c e s .  T h e s e  i n c l u d e  l o s s  o f  b i o d i -
v e r s i t y ,  d e t r i m e n t a l  a l t e r a t i o n  o f  w a t e r w a y s  a n d  
g r o u n d w a t e r  a q u i f e r s  a n d  l o s s  o f  s i g n i f i c a n t  p o r -
t i o n s  o f  t h e  p r o d u c t i v e  t o p s o i l  r e s u l t i n g  i n  g r e a t e r  
n e e d  f o r  f e r t i l i z e r  a n d  e n e r g y  i n p u t s .  N o n - p o i n t  
s o u r c e  p o l l u t i o n  h a s  b e c o m e  s o  p e r v a s i v e  b e c a u s e  
o f  r a p i d  s u r f a c e  a n d  s u b s u r f a c e  w a t e r  m o v e m e n t  
a n d  r e d u c e d  s o i l  r e s i d e n c e  t i m e  o f  a g r i c h e m i c a l s .  
I t  i s  n o w  a p p a r e n t  t h a t  u p l a n d  c o n s e r v a t i o n  p r a c -
t i c e s  a l o n e  a r e  n o t  e f f e c t i v e  i n  r e d u c i n g  N P S  p o l -
l u t i o n  ( B u r k h a r t  e t  a l .  1 9 9 4 ;  N a t i o n a l  R e s e a r c h  
C o u n c i l 1 9 9 3 ) .  F i e l d  a n d  l a n d s c a p e  b u f f e r s ,  
i n c l u d i n g  r i p a r i a n  b u f f e r  z o n e s ,  a r e  a l s o  n e e d e d  
t o  d e v e l o p  a  s u s t a i n a b l e  a g r o e c o s y s t e m  w i t h  
i m p r o v e d  s o i l  a n d  w a t e r  q u a l i t y  ( C a s t e l l e  e t  a l .  
1 9 9 4 ;  N a t i o n a l  R e s e a r c h  C o u n c i l 1 9 9 3 ) .  H o w e v e r ,  
m a j o r  i s s u e s  a b o u t  b u f f e r  s t r i p  e f f i c i e n c y  a n d  
·  d e s i g n  m u s t  b e  c l a r i f i e d  b e f o r e  t h e y  c a n  b e  e f f e c -
t i v e l y  i m p l e m e n t e d .  T h e s e  i s s u e s  i n c l u d e :  p l a n t  
s p e c i e s  s e l e c t i o n  a n d  e f f i c i e n c y ;  o p t i m a l  w i d t h s  
f o r  v a r i o u s  b u f f e r  s t r i p s ;  l o n g e v i t y  o f  t h e  b u f f e r  
z o n e s  a s  n u t r i e n t  a n d  s e d i m e n t  s i n k s ;  c r i t e r i a  f o r  
i d e n t i f y i n g  r i p a r i a n  z o n e s  i n  n e e d  o f  b u f f e r s ;  a n d  
c r i t e r i a  f o r  l o n g - t e r m  m a n a g e m e n t  o f  b u f f e r  s t r i p s  
( C a s t e l l e  e t  a l .  1 9 9 4 ;  N a t i o n a l  R e s e a r c h  C o u n c i l  
1 9 9 3 ;  O s b o r n e  a n d  K o v a c i c  1 9 9 3 ) .  
W e s t e r n  R a n g e l a n d  
R e c e n t  r e v i e w s  b y  F l e i s c h n e r  ( 1 9 9 4 ) ,  K a u f f m a n  
a n d  K r u e g e r  ( 1 9 8 4 ) ,  E l m o r e  ( 1 9 9 2 )  a n d  C h a n e y  e t  
a l .  ( 1 9 9 0 ,  1 9 9 3 )  i d e n t i f y  l i v e s t o c k  g r a z i n g  a s  h a v -
i n g  d r a m a t i c a l l y  c h a n g e d  r i p a r i a n  z o n e s  i n  t h e  
r a n g e l a n d s  o f  t h e  w e s t .  T h e  c h a n g e s  b y  l i v e s t o c k  
h a v e  b e e n  s o  g r e a t  a n d  c o v e r  s o  m u c h  o f  t h e  
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w e s t e r n  l a n d s c a p e  t h a t  i t  i s  e v e n  d i f f i c u l t  t o  d e t e r -
m i n e  w h a t  t h e  n a t u r a l  v e g e t a t i o n  w a s  o r  w h a t  t h e  
e f f e c t s  o f  l i v e s t o c k  g r a z i n g  h a s  b e e n  ( F l e i s c h n e r  
1 9 9 4 ) .  R i p a r i a n  z o n e s  i n  t h e  s e m i - a r i d  a n d  a r i d  
W e s t  a r e  p r o b a b l y  e v e n  m o r e  i m p o r t a n t  t o  t h e  
o v e r a l l  l a n d s c a p e  t h a n  t h e y  a r e  i n  t h e  c r o p l a n d  o f  
t h e  M i d w e s t .  W h i l e  t h e y  o c c u p y  l e s s  t h a n  o n e  
p e r c e n t  o f  t h e  l a n d s c a p e  t h e y  a r e  t h e  m o s t  p r o -
d u c t i v e  a n d  b i o d i v e r s e  e c o s y s t e m  i n  t h a t  l a n d -
s c a p e .  M o r e  t h a n  7 5  p e r c e n t  o f  t h e  w i l d l i f e  i n  
m a n y  o f  t h e s e  w a t e r s h e d s  d e p e n d s  o n  t h e  r i p a r i -
a n  z o n e  f o r  e x i s t a n c e  ( C h a n e y  e t  a l .  1 9 9 0 ) .  
R i p a r i a n  e c o s y s t e m s  i n  t h e  a r i d  a n d  s e m i - a r i d  
w e s t  a l s o  f u n c t i o n  t o  f i l t e r  s e d i m e n t ,  s t a b i l i z e  
s t r e a m b a n k s ,  s t o r e  w a t e r  a n d  r e c h a r g e  s u b s u r f a c e  
a q u i f e r s  ( F l e i s c h n e r  1 9 9 4 ;  E l m o r e  1 9 9 2 ;  C h a n e y  e t  
a l .  1 9 9 0 ) .  E x c l u d i n g  i s o l a t e d  e x a m p l e s ,  t h e  c o n d i -
t i o n  o f  t h e  r i p a r i a n  z o n e s  t h r o u g h o u t  t h e  s e m i -
a r i d  a n d  a r i d  w e s t  a r e  t h e  w o r s t  t h e y  h a v e  b e e n  i n  
h i s t o r y  ( C h a n e y  e t  a l .  1 9 9 0 ) .  
L i v e s t o c k  t e n d  t o  c o n g r e g a t e  i n  t h e  r i p a r i a n  
z o n e s  w h e r e  t h e r e  i s  s u c c u l e n t  v e g e t a t i o n ,  s h a d e ,  
a n d  w a t e r .  I n  t h e  p r o c e s s  t h e y  c o m p a c t  t h e  s o i l  
a n d  d e s t r o y  t h e  b a n k  b y  c l i m b i n g  i n t o  a n d  o u t  o f  
t h e  s t r e a m .  L i v e s t o c k  w i l l  a l s o  r u b ,  t r a m p l e ,  a n d  
b r o w s e  t h e  v e g e t a t i o n ,  a n d  r e l i e v e  t h e m s e l v e s  
d i r e c t l y  i n  t h e  s t r e a m .  T h i s  r e s u l t s  i n  t h e  w i d e n -
i n g  o f  t h e  s t r e a m  c h a n n e l ,  d e c r e a s i n g  a v e r a g e  
s t r e a m  d e p t h  a n d  i n c r e a s i n g  a v e r a g e  s t r e a m  t e m -
p e r a t u r e ,  a n d  s e d i m e n t  a n d  n u t r i e n t  l o a d s .  
A l t e r a t i o n s  i n  t h e  t i m i n g  a n d  v o l u m e  o f  s t r e a m -
f l o w  a n d  l o w e r i n g  o f  t h e  l o c a l  w a t e r  t a b l e  a l s o  
o c c u r  ( K a u f f m a n  a n d  K r u e g e r  1 9 8 4 ;  P l a t t s  1 9 8 1 ) .  
T h e s e  a c t i v i t i e s  a l o n g  w i t h  t h e  l a c k  o f  m a n a g e -
m e n t  s t r a t e g i e s  u n i q u e  t o  r i p a r i a n  z o n e s  a r e  
r e s p o n s i b l e  f o r  t h e  p o o r  c o n d i t i o n  o f  t h e s e  r i p a r i -
a n  e c o s y s t e m s  ( A r m o u r  e t  a l .  1 9 9 1 ) .  M a n y  k i l o m e -
t e r s  o f  M i d w e s t e r n  r i p a r i a n  z o n e s  h a v e  a l s o  s u f -
f e r e d  t h e  s a m e  f a t e .  .  
I n  s u m m a r y ,  r i p a r i a n  z o n e s  i n  c r o p  a n d  r a n g e -
l a n d  l a n d s c a p e s  a r e  p r e s e n t l y  i n  p o o r  c o n d i t i o n .  
H o w e v e r ,  t h e s e  e c o s y s t e m s  a r e  a m o n g  t h e  m o s t  
r e s i l i e n t  i n  t h e  l a n d s c a p e  b e c a u s e  o f  t h e i r  m o i s t ,  
f e r t i l e  a n d  m i c r o c l i m a t i c a l l y  l e s s  e x t r e m e  c o n d i -
t i o n s  a n d  t h e r e f o r e  s h o u l d  r e s p o n d  w e l l  t o  
m a n g e m e n t  a n d  r e s t o r a t i o n  a c t i v i t i e s .  R e s e a r c h  
s h o u l d  b e  a c c e l e r a t e d  t o  d e v e l o p  d e s i g n  a n d  m a n -
a g e m e n t  s t a n d a r d s  f o r  l a n d s c a p e  b u f f e r  z o n e s  i n  
the crop and range landscapes (National Research 
Council1993; Armour et al. 1991). It is especially 
important to understand the dynamics of riparian 
zone processes, to describe the impact of good 
management of riparian habitats on all natural 
resources and to develop predictive methods to 
determine optimal widths and management 
intensities needed to accomplish specific soil and 
water quality objectives. 
Restoration of Riparian Zone 
Conditions 
Cropland Remediation 
The United States Department of Agriculture 
(USDA) Forest Service (FS) and the USDA 
Natural Resource Conservation Service (NRCS) 
have developed guidelines for riparian forest 
buffers (Welsch 1991). These buffers have three 
distinct zones. Zone 1 is a 5 m wide strip of undis-
turbed mature trees that begins at the edge of the 
streambank and provides the final buffer for 
materials moving through the buffer strip and 
directly influences the in-stream ecosystem by 
providing shade and large and small organic mat-
ter inputs. Zone 2 is a 20 m wide zone of trees 
managed to provide maximum infiltration of sur-
face runoff, and nutrient uptake and storage 
while also providing organic matter for microbial 
processing of agrichemicals. Zone 3 is a 6 m wide 
zone of grazed or ungrazed grass which filters 
sediment from sheet flow generated in the 
uplands and causes large quantities of water and 
agrichemicals to infiltrate into the biologically 
active rooting zone where nutrient uptake and 
microbial processing occur. The FS and NRCS 
guidelines were developed after extensive 
reviews of forested riparian zones in the eastern 
United States. However, the guidelines and 
model may not be well suited to the agroecosys-
tems of the Midwest and Great Plains where 
many smaller order streams drain highly modi-
fied (prairie) agricultural and grazed landscapes 
with few trees. 
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Figure 1 - The Leopold Center tor Sustainable 
Agriculture, Agroecology Issue Team, Multi-Species 
Riparian Butter Strip (MSRBS) Model. This model can be 
varied depending on site conditions, land-use prac-
tices, and owner objectives. 
Multi-Species Riparian Buffer Strip (MSRBS) 
System 
The Agroecology Issue Team (AIT) of the 
Leopold Center for Sustainable Agriculture locat-
ed in Ames, Iowa and the Iowa State University 
Agroforestry Research Team (!StART) have devel-
oped multi-species riparian buffer strip (MSRBS) 
system for application in the Midwestern and 
Great Plains agroecosystem (Schultz et al. 1993, 
1995). The MSRBS contains three zones similar to 
those of the FS and NRCS riparian forest buffer 
strip model. However, the widths and plant 
species compositions of the zones in the MSRBS 
model can be varied depending on landowner 
objectives, the upland land use patterns and the 
characteristics of the riparian zone. The MSRBS 
system is an integrated management system 
which also includes willow-post soil bioengineer-
ing features to stabilize streambanks and small, 
constructed wetlands, within the buffer strip. The 
wetlands are placed at the outlet of field drainage 
tiles to process agrichemicals contained in tile 
flow before it enters the stream. Figure 1 illus-
trates the three zone MSRBS model while Figure 2 
illustrates the whole MSRBS system. 
Beginning at the streambank edge, the first 
zone of the MSRBS is 10 m wide and contains 4-5 
rows of rapidly growing trees, the second zone is 
4 m wide and contains 1-2 rows of shrubs, and the 
third zone is a 7 m wide zone of native, warm-
F i g u r e  2  - T h e  L e o p o l d  C e n t e r  f o r  S u s t a i n a b l e  
A g r i c u l t u r e ,  A g r o e c o l o g y  I s s u e  T e a m ,  M u l t i - S p e c i e s  
R i p a r i a n  B u t t e r  S t r i p  M o d e l  S y s t e m  w h i c h  I n t e g r a t e s  t h e  
w i l l o w - p o s t  s o l i  b i o e n g i n e e r i n g  s y s t e m  f o r  s t r e a m b a n k  
s t a b i l i z a t i o n  a n d  c o n s t r u c t e d  w e t l a n d s  t o r  r e d u c i n g  
n o n - p o i n t  s o u r c e  p o l l u t i o n  I n  a g r i c u l t u r a l  d r a i n a g e  t i l e  
n o w .  
s e a s o n  g r a s s e s .  T h i s  z o n a t i o n  i s  i m p o r t a n t  
b e c a u s e  t h e  t r e e s  a n d  s h r u b s  p r o v i d e  p e r e n n i a l  
r o o t  s y s t e m s  a n d  l o n g - t e r m  n u t r i e n t  s t o r a g e  c l o s e  
t o  t h e  s t r e a m ,  w h i l e  t h e  s h r u b s  a d d  m o r e  w o o d y  
s t e m s  n e a r  t h e  g r o u n d  t o  s l o w  f l o o d  f l o w s  a n d  
p r o v i d e  a  m o r e  d i v e r s i f i e d  w i l d l i f e  h a b i t a t .  T h e  
n a t i v e  g r a s s e s  p r o v i d e  t h e  h i g h  d e n s i t y  o f  s t e m s  
n e e d e d  t o  d i s s i p a t e  t h e  e n e r g y  o f  s u r f a c e  r u n o f f  
a n d  t h e  d e e p  a n d  d e n s e  a n n u a l  r o o t  s y s t e m s  
n e e d e d  t o  i n c r e a s e  s o i l  i n f i l t r a t i o n  c a p a c i t i e s  a n d  
p r o v i d e  o r g a n i c  m a t t e r  f o r  l a r g e  m i c r o b i a l  p o p u -
l a t i o n s .  
F a s t - g r o w i n g  t r e e s  a r e  n e e d e d  t o  d e v e l o p  a  
f u n c t i o n i n g  M S R B S  i n  t h e  s h o r t e s t  p o s s i b l e  t i m e .  
I t  i s  e s p e c i a l l y  i m p o r t a n t  t h a t  r o w s  1 - 3  ( t h e  f i r s t  
r o w  i s  t h e  c l o s e s t  t o  t h e  s t r e a m b a n k  e d g e )  i n  t h e  
t r e e  z o n e  ( z o n e  1 )  i n c l u d e  f a s t - g r o w i n g ,  r i p a r i a n  
s p e c i e s  s u c h  a s  w i l l o w  ( S a l i x  s p p )  a n d  c o t t o n -
w o o d  ( P o p u l u s  s p p )  s p e c i e s .  I f ,  t h r o u g h o u t  t h e  
y e a r ,  t h e  r o o t i n g  z o n e  a l o n g  t h e  s t r e a m b a n k  i s  
m o r e  t h a n  1 . 2  m  a b o v e  n o r m a l  s t r e a m  f l o w  a n d  
s o i l s  a r e  w e l l  d r a i n e d ,  t h e n  u p l a n d  d e c i d u o u s  a n d  
c o n i f e r o u s  t r e e s  a n d  s h r u b  s p e c i e s  c a n  b e  p l a n t e d  
i n  r o w s  4  a n d  5 .  A l t h o u g h  t h e s e  s l o w e r  g r o w i n g  
s p e c i e s  w i l l  n o t  b e g i n  t o  f u n c t i o n  a s  n u t r i e n t  s i n k s  
a s  q u i c k l y  a s  f a s t e r  g r o w i n g  s p e c i e s ,  t h e y  w i l l  
p r o v i d e  a  h i g h e r  q u a l i t y  p r o d u c t  t o  t h e  l a n d o w n -
e r  a t  h a r v e s t .  S h r u b s  a r e  i n c l u d e d  i n  t h e  d e s i g n  
b e c a u s e  t h e i r  p e r m a n e n t  r o o t s  h e l p  m a i n t a i n  s o i l  
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s t a b i l i t y ,  t h e i r  m u l t i p l e  s t e m s  h e l p  s l o w  f l o o d  
f l o w s  a n d  t h e i r  p r e s e n c e  a d d s  b i o d i v e r s i t y  a n d  
w i l d l i f e  h a b i t a t .  M a n y  n a t i v e  s h r u b s  c a n  b e  u s e d  
a n d  a r e  o f t e n  s e l e c t e d  b e c a u s e  o f  t h e i r  d e s i r a b l e  
w i l d l i f e  a n d  a e s t h e t i c  v a l u e s .  
A s  i n  t h e  F S  a n d  N R C S  f o r e s t  b u f f e r  s t r i p  
m o d e l ,  t h e  n a t i v e  g r a s s e s  f u n c t i o n  t o  i n t e r c e p t  
a n d  d i s s i p a t e  t h e  e n e r g y  o f  s u r f a c e  r u n o f f ,  t r a p  
s e d i m e n t  a n d  a g r i c u l t u r a l  c h e m i c a l s  i n  t h e  s u r -
f a c e  r u n o f f ,  a n d  i m p r o v e  s o i l  q u a l i t y  b y  i n c r e a s -
i n g  i n f i l t r a t i o n  c a p a c i t y  a n d  m i c r o b i a l  a c t i v i t y  a s  a  
r e s u l t  o f  t h e i r  a n n u a l l y  h i g h  t u r n o v e r  o f  r o o t s .  
N a t i v e  t a l l - p r a i r i e  g r a s s e s  a r e  b e t t e r  s u i t e d  t o  t h e  
M S R B S  t h a n  t h e  i n t r o d u c e d  c o o l  s e a s o n  g r a s s e s  
t h a t  a r e  u s u a l l y  u s e d  f o r  g r a s s e d  w a t e r w a y s  
b e c a u s e  o f  t h e i r  t a l l e r  a n d  s t i f f e r  s t e m s  a n d  t h e i r  
m o r e  d e e p l y  d i s t r i b u t e d  r o o t s .  T h e  n a t i v e  g r a s s e s  
h a v e  9  t i m e s  g r e a t e r  r o o t  m a s s  e x t e n d i n g  m o r e  
t h a n  t h r e e  t i m e s  a s  d e e p  a s  c o o l  s e a s o n  g r a s s e s  
( S c h u l t z  e t  a l .  1 9 9 4 ,  1 9 9 5 ) .  A  m i n i m u m  g r a s s  z o n e  
w i d t h  o f  7  m  i s  r e c o m m e n d e d  t o  d i s s i p a t e  t h e  
s u r f a c e  r u n o f f ,  t r a p  s e d i m e n t ,  a n d  p r o m o t e  s i g n i f -
i c a n t  i n f i l t r a t i o n .  
T h e  t h r e e  z o n e  M S R B S  m o d e l  o f  t r e e s ,  s h r u b s ,  
a n d  p r a i r i e  g r a s s e s  i s  w e l l  s u i t e d  t o  t h e  a g r o -
e c o s y s t e m s  o f  t h e  M i d w e s t  a n d  e a s t e r n  G r e a t  
P l a i n s .  A l t h o u g h  t h e s e  s p e c i e s  c o m b i n a t i o n s  p r o -
v i d e  a  v e r y  e f f e c t i v e  r i p a r i a n  b u f f e r  s t r i p  p l a n t  
c o m m u n i t y ,  t h e r e  a r e  o t h e r  c o m b i n a t i o n s  t h a t  c a n  
b e  e f f e c t i v e .  T h e s e  m i g h t  i n c l u d e  c o m b i n a t i o n s  
w i t h  m o r e  t r e e s  o r  s h r u b s  o r  w i t h o u t  a n y  t r e e s  o r  
s h r u b s ,  e x c e p t  f o r  t h o s e  u s e d  f o r  s t r e a m b a n k  s t a -
b i l i z a t i o n .  T h e  g r a s s  z o n e  i s  t h e  m o s t  c r i t i c a l  o f  
t h e  t h r e e  z o n e s  i n  t h e  M S R B S .  S i t e  c o n d i t i o n s ,  
m a j o r  b u f f e r  s t r i p  b i o l o g i c a l  a n d  p h y s i c a l  f u n c -
t i o n s ,  o w n e r  o b j e c t i v e s ,  a n d  c o s t - s h a r e  p r o g r a m  
r e q u i r e m e n t s  s h o u l d  b e  c o n s i d e r e d  i n  s p e c i f y i n g  
s p e c i e s  c o m b i n a t i o n s .  
F i g u r e s  3  a n d  4  s h o w  t h e  d r a m a t i c  c h a n g e s  
t h a t  c a n  t a k e  p l a c e  i n  a s  l i t t l e  a s  f o u r  g r o w i n g  s e a -
s o n s  a f t e r  e s t a b l i s h m e n t  o f  a  M S R B S  s y s t e m  l o c a t -
e d  o n  t h e  R i s d a l  f a r m ,  a l o n g  B e a r  C r e e k ,  n e a r  
R o l a n d ,  I o w a .  T h i s  b u f f e r  s t r i p  h a s  t r a p p e d  8 0 - 9 0  
p e r c e n t  o f  t h e  s e d i m e n t  c a r r i e d  i n  s u r f a c e  r u n o f f  
a n d  h a s  r e d u c e d  n i t r a t e  a n d  a t r a z i n e  a g r i c h e m i c a l  
p o l l u t a n t s  m o v i n g  t h r o u g h  t h e  s o i l  s o l u t i o n  o f  t h e  
r o o t i n g  z o n e  o r  i n  t h e  s h a l l o w  g r o u n d  w a t e r  b y  
o v e r  9 0  p e r c e n t ,  w i t h  r e s u l t i n g  c o n c e n t r a t i o n s  
Figure 3 - The Bear Creek MSRBS site near Roland, Iowa 
In March 1990. The land on the right hand side of the 
stream had been In cultivation and the land on the left 
hand side had been grazed. Notice the condition of 
the streambanks. 
Figure 4 - The Bear Creek MSRBS site near Roland, Iowa 
in June 1994. Notice the rapid growth of riparian vege-
tation and the dramatic Improvement In the condition 
of the streambanks after only five seasons since estab-
lishment of the MSRBS. 
well below the maximum contaminant levels 
allowed by the US Environmental Protection 
Agency. 
It costs about $875 per ha to install the three 
zone MSRBS. This includes plant purchases, site 
preparation, planting, labor, and maintenance 
costs in the first year. About $50 per ha should be 
planned for annual maintenance for the first 3-4 
years. 
Although the MSRBS model was developed to 
be 21 m wide on each side of a stream, different 
widths may be needed to fit specific sites and 
land ownerships. The total width of the buffer 
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strip depends in large part on its major functions 
and the slope and use of the adjacent land. If the 
major purpose of the buffer strip is sediment 
removal from surface runoff, a width of 15 m may 
be sufficient on slopes of 0-5%. If excess nutrient 
removal also is an important function, a width of 
15-30 m might be necessary depending on the 
kind and quantity of agricultural chemicals 
applied and the soil and cultivation system used. 
As the slope, intensity of land use, or total area 
of the land producing NPS pollutants increases, 
or as soil permeability decreases, a wider MSRBS 
is required. Castelle et al. (1994) recommend 
buffer strips 10-60 m wide for sediment removal, 
5-90 m wide for nutrient removal,5-100 m wide 
for species diversity and 15-30 m wide for stream 
water temperature moderation. Welsch (1991} 
summarizes the work of others and suggests that 
buffer strip widths could be 20% of the total NPS 
pollutant area, or widths of land capability classes 
I, II, V = 29 m; III & IV = 36 m; VI & VII = 52 m. 
The FS riparian forest buffer model has a width of 
at least 29 m. 
MSRBS Streambank Bioengineering and 
Tile Wetland Options 
Streambanks that have been heavily grazed or 
that have had row crops planted to the edge of 
the bank are often very unstable and need extra 
protection beyond that provided by the MSRBS. 
In these situations soil bioengineering techniques, 
such as the willow post method, can be employed 
(Frazee and Roseboom 1993). On vertical or 
actively cutting streambanks, combinations of 
dormant willow 'posts' are planted along with 
anchored dead tree revetments to protect stream-
banks. These plant materials provide a frictional 
surface for absorbing stream energy, trapping 
sediment, and provide shade and organic matter 
for in-stream biota. Dormant willow posts (> 7.6 
em diameter and 2.1 m long), willow stakes (2.5-
7.6 em diameter and 0.5-1.8 m long) and willow 
cuttings (0.5-2.5 em diameter and 30-45 em long) 
are collected during the winter or very early 
spring. Rows of posts are driven into the stream-
bank beginning at the waters' edge with spacing 
' 
b e t w e e n  p o s t s  o f  9 0 - 1 2 0  e m .  U p  t o  4 - 5  m o r e  r o w s  
o f  p o s t s ,  s t a k e s ,  o r  c u t t i n g s  a r e  p l a n t e d  i n  p a r a l l e l  
r o w s  u p  t h e  b a n k  f r o m  t h e  b a s e  r o w  u s i n g  6 0 - 1 2 0  
e m  s p a c i n g  w i t h i n  a n d  b e t w e e n  r o w s .  
W h e r e  t h e r e  i s  a  c o n c e r n  f o r  a c t i v e  u n d e r c u t -
t i n g  o f  t h e  b a n k ,  b u n d l e s  o f  e a s t e r n  r e d  c e d a r  o r  
s m a l l  h a r d w o o d s  ( 3 - 4 . 5  m  l o n g  s i l v e r  m a p l e s ,  w i l -
l o w s ,  e t c . )  c a n  b e  t i e d  t o g e t h e r  i n t o  2 - 4  t r e e  b u n -
d l e s .  A  r o w  o f  t h e s e  b u n d l e s  i s  l a i d  a l o n g  t h e  b o t -
t o m  m o s t  r o w  o f  w i l l o w  p o s t s  w i t h  t h e  l o w e r  
t r u n k s  p o i n t e d  u p s t r e a m  a n d  t h e  b u n d l e s  
a n c h o r e d  t o  t h e  w i l l o w  p o s t s  o r  s t r e a m b a n k .  
I n  a r e a s  o f  a r t i f i c i a l  d r a i n a g e ,  s m a l l  w e t l a n d s  
c a n  b e  c o n s t r u c t e d  a t  t h e  e n d  o f  f i e l d  t i l e s  t o  i n t e r -
r u p t  a n d  p r o c e s s  N P S  p o l l u t a n t s  b e f o r e  t h e y  e n t e r  
w a t e r  b o d i e s .  A  0 . 5 - 1  m  d e e p  d e p r e s s i o n  i s  c o n -
s t r u c t e d  a t  t h e  r a t i o  o f  1 : 1 0 0  ( 1  h a  o f  w e t l a n d  f o r  
1 0 0  h a  d r a i n a g e ) .  A  b e r m  s h o u l d  b e  c o n s t r u c t e d  
a l o n g  t h e  s t r e a m .  I t  c a n  b e  s t a b i l i z e d  o n  t h e  
s t r e a m  s i d e  w i t h  w i l l o w  c u t t i n g s  a n d  s e e d e d  w i t h  
a  m i x t u r e  o f  p r a i r i e  g r a s s e s  a n d  f o r b s .  I f  a  c o a r s e  
t e x t u r e d  s o i l  i s  e n c o u n t e r e d ,  t h e  b o t t o m  o f  t h e  
w e t l a n d  c a n  b e  s e a l e d  w i t h  c l a y  a n d  t o p p e d  w i t h  
o r i g i n a l  s o i l .  A  g a t e d  c o n t r o l  s t r u c t u r e  f o r  c o n t r o l -
l i n g  w a t e r  l e v e l  s h o u l d  b e  i n s t a l l e d  a t  t h e  o u t f l o w  
i n t o  t h e  s t r e a m .  I n  d e s i g n i n g  t h e  w e t l a n d  i t  i s  
i m p o r t a n t  t o  r e m e m b e r  t h a t  m o s t  o f  t h e  c h e m i c a l  
t r a n s f o r m a t i o n  a n d  r e t e n t i o n  o c c u r s  a t  o r  n e a r  
s u b s t r a t e s  ( s e d i m e n t s  o r  p l a n t  l i t t e r ) .  W e t l a n d s  
c o n t a i n i n g  l a r g e  a m o u n t s  o f  v e g e t a t i o n  a n d  
d e c a y i n g  p l a n t  l i t t e r  w i l l  t h u s  h a v e  a  m u c h  
g r e a t e r  c a p a c i t y  f o r  p o l l u t a n t  r e m o v a l .  A n y  m a n -
a g e m e n t  t e c h n i q u e  w h i c h  a c c e l e r a t e s  v e g e t a t i o n  
e s t a b l i s h m e n t  ( a c t i v e  r e g e n e r a t i o n )  o f  l i t t e r  
b u i l d u p  ( a d d i t i o n  o f  o r g a n i c  s u b s t r a t e )  w i l l  
i m p r o v e  c h e m i c a l  r e t e n t i o n .  
T h e  w i l l o w - p o s t  s o i l  b i o e n g i n e e r i n g  t e c h n i q u e  
a n d  t h e  s m a l l  f i e l d  t i l e  w e t l a n d  a r e  i n t e g r a l  c o m -
p o n e n t s  o f  a  c o m p l e t e  r i p a r i a n  z o n e  m a n a g e m e n t  
s y s t e m  t h a t  e f f e c t i v e l y  i n t e r c e p t s  a n d  t r e a t s  N P S  
p o l l u t i o n .  H o w e v e r ,  a  M S R B S  s y s t e m  c a n n o t  
r e p l a c e  u p l a n d  c o n s e r v a t i o n  p r a c t i c e s .  A n  a g r i -
c u l t u r a l l a n d s c a p e  w i l l  b e  m o r e  s u s t a i n a b l e  i f  
b o t h  u p l a n d  c o n s e r v a t i o n  p r a c t i c e s  a n d  a  M S R B S  
s y s t e m  a r e  i n  p l a c e .  
A p p l y i n g  t h e  M S R B S  s y s t e m  a t  t h e  l a n d s c a p e  
l e v e l  b e c o m e s  a  r e a l  c h a l l e n g e  b e c a u s e  o f  o w n e r -
s h i p  p a t t e r n s  a n d  g o v e r n m e n t  s e t  a s i d e  p r o g r a m s .  
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C r i t i c a l  r i p a r i a n  a r e a s  i n  a  w a t e r s h e d  m u s t  b e  
p r o t e c t e d  w i t h  r i p a r i a n  b u f f e r  s t r i p s .  F a r m  
b o u n d a r i e s  t y p i c a l l y  a r e  n o t  b a s e d  o n  w a t e r s h e d  
t o p o g r a p h y ,  a n d  s e t - a s i d e  p r o g r a m s  s u c h  a s  t h e  
C o n s e r v a t i o n  R e s e r v e  P r o g r a m  e n c o u r a g e  f a r m -
e r s  t o  s e t  a s i d e  w h o l e  f i e l d s  r a t h e r  t h a n  s e t t i n g  
a s i d e  t h e  s a m e  a r e a  o f  l a n d  a s  r i p a r i a n  b u f f e r  
z o n e s .  B o t h  v o l u n t a r y  o r  m a n d a t o r y  m e a s u r e s  a r e  
n e e d e d  t o  m o t i v a t e  l a n d o w n e r s  t o  i n s t a l l  r i p a r i a n  
b u f f e r  s t r i p s  a t  t h e  f i e l d  l e v e l .  A t  t h e  l a n d s c a p e  o r  
w a t e r s h e d  l e v e l ,  n e w  o r  h i g h l y  m o d i f i e d  a g r i c u l -
t u r a l  p o l i c i e s  m a y  b e  r e q u i r e d  t o  a l l o w  c o n s u m e r s  
a n d  p r o d u c e r s  i n  a r e a s  w i t h o u t  r i p a r i a n  z o n e s  t o  
c o m p e n s a t e  p r o d u c e r s  w h o  e s t a b l i s h  b u f f e r  s t r i p s  
a n d  p r o t e c t  r i p a r i a n  z o n e s  f o r  t h e  l o s s  o f  l a n d  n e c -
e s s a r y  t o  m e e t  w a t e r s h e d - w i d e  s o i l  c o n s e r v a t i o n  
a n d  w a t e r  q u a l i t y  g o a l s  ( N a t i o n a l  R e s e a r c h  
C o u n c i l 1 9 9 3 ) .  
G r a z i n g  L a n d  R e m e d i a t i o n  
T h e  s e m i - a r i d  a n d  a r i d  w e s t e r n  r a n g e l a n d s  
c o v e r  a  w i d e  l a t i t u d i n a l  a n d  e l e v a t i o n a l  r a n g e  
w i t h  m a n y  p o t e n t i a l  p l a n t  c o m m u n i t i e s  s o  t h a t  
p r e s c r i p t i o n  o f  t h e  i d e a l  g r a z i n g  p r o g r a m  f o r  t h e  
r i p a r i a n  z o n e  i s  d i f f i c u l t .  I n  d e v e l o p i n g  a  g r a z i n g  
p r o g r a m  f o r  a  g i v e n  r i p a r i a n  z o n e  s e v e r a l  p r i n c i -
p l e s  s h o u l d  b e  r e m e m b e r e d  ( C h a n e y  e t  a l .  1 9 9 3 ) .  
F i r s t ,  g r a z i n g  a c c e s s  t o  t h e  r i p a r i a n  z o n e  s h o u l d  
b e  l i m i t e d  d u r i n g  t h o s e  t i m e s  w h e n  s t r e a m b a n k  
s o i l s  a r e  m o i s t  a n d  m o s t  s u s c e p t i b l e  t o  c o m -
p a c t i o n  a n d  c o l l a p s e .  T h i s  c o n d i t i o n  f r e q u e n t l y  
e x i s t s  d u r i n g  t h e  e a r l y  s p r i n g  f o l l o w i n g  s n o w  
m e l t  a n d  e a r l y  s p r i n g  r a i n s .  S e c o n d ,  e n o u g h  
p l a n t s  a n d  s t u b b l e  o r  p l a n t  h e i g h t s  s h o u l d  b e  l e f t  
o n  t h e  s t r e a m b a n k  t o  e n s u r e  p r o t e c t i o n  o f  t h e  
b a n k s  ( C l a r y  a n d  W e b s t e r  1 9 9 0 ) .  S t u b b l e  h e i g h t s  
o f  1 . 5 - 2 . 5  e m  a r e  o f t e n  r e c o m m e n d e d .  T h i r d ,  g r a z -
i n g  p r e s s u r e  s h o u l d  b e  c o n t r o l l e d  e n o u g h  t o  
a l l o w  d e s i r a b l e  p l a n t s  e n o u g h  t i m e  t o  r e g r o w  a n d  
s t o r e  e n o u g h  c a r b o h y d r a t e s  f o r  o v e r w i n t e r  d o r -
m a n c y  a n d  c o m p e t i t i o n  w i t h  o t h e r  u n d e s i r a b l e  
s p e c i e s .  V a r i o u s  s e a s o n a l  s t r a t e g i e s  a r e  a v a i l a b l e  
a n d  w i l l  b e  d i s c u s s e d  b e l o w .  
W i t h i n  a n y  r a n g e l a n d  e c o s y s t e m  t h e  r i p a r i a n  
z o n e  w i l l  b e  m o s t  h e a v i l y  u s e d  b e c a u s e  o f  f a v o r -
a b l e  f o r a g e ,  w a t e r ,  a n d  m i c r o c l i m a t i c  c o n d i t i o n s .  
Excluding livestock from the riparian zone is the 
simplest method of management. However, 
exclusion is often not necessary if intensity, dura-
tion, and season of grazing are controlled 
(Chaney et al. 1993; Elmore 1992). Using riparian 
pastures that are separate from upland pastures 
can control the grazing of the riparian vegetation 
but increase the complexity of management. The 
most complicated strategy is to attempt control of 
grazing intensity and timing through herding 
(Chaney et al. 1993). 
Chaney et al. (1993), Elmore (1992) and Clary 
and Webster (1990) provide the following summa-
ry of grazing strategies for western riparian 
zones. Season-long or continuous grazing is the 
most detrimental unless it can be strictly con-
trolled according to recommended stubble 
heights. With this scheme plants receive no rest 
for regrowth and carbohydrate storage for the 
dormant season. Woody plants are heavily 
impacted because constant browsing removes any 
new growth. This is the grazing practice which is 
most responsible for the deteriorated conditions 
of most of the riparian zones in both the cool and 
warm season grass ranges. Spring and summer 
grazing can be almost as damaging as season-
long grazing because both cool- and warm-season 
grasses are grazed during their active growing 
and reproductive times. In addition, new growth 
on woody plants is severely browsed and live-
stock are present on streambank soils during wet 
periods. Spring and fall grazing has problems 
similar to those of spring and summer grazing. 
Fall or winter grazing is a good strategy 
because plants are grazed when they are dormant 
and much of their food reserves are stored in tis-
sues at or below ground level. To maintain a fric-
tional surface for streambank protection it is 
important to adhere to a recommended stubble 
height of 1.5-2.5 em. Browsing of woody plants 
often removes new growth from the past season 
requiring new growth from lateral or adventitious 
buds. One advantage is that cold air drainage 
often keeps livestock from concentrating along 
the stream. Care must be taken to reduce tram-
pling during wet periods. 
Early season grazing allows growth of plants 
the rest of the year while it puts pressure on 
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upland plants during the summer and fall. In this 
system livestock should be removed while the 
plants are still in their vegetative growth stage 
and before they begin their vegetative growth. 
Woody plants benefit from this system because 
livestock graze on the lush herbaceous forage. 
Streambanks may be susceptible to compaction 
and trampling during this period but because of 
more available forage and less demand for water, 
livestock may be more dispersed over the whole 
range. 
Deferred three pasture rotational grazing pro-
vides a rest period for each pasture every year. 
During the first year grazing occurs in spring, 
during the second it occurs in summer and dur-
ing the third there is no grazing. This system is 
great for herbaceous plants but is detrimental to 
woody plants because they heavily grazed during 
two of the three years keeping them in a shrubby 
condition. 
Two pasture rotational grazing provides grow-
ing season rest for each pasture every other year. 
During the first year grazing occurs in spring for 
cool season grasses or late spring-early summer 
for warm season grasses. The following year 
grazing occurs after vegetative growth has been 
completed, summer for cool season grasses and 
late summer-early fall for warm season species. 
This system is hard on any woody plant seedlings. 
Chaney et al. (1993) suggest that no one sys-
tem applies to all riparian locations and that any 
grazing strategy is only as good as it is managed. 
They further suggest that riparian exclosures and 
riparian pastures reduce the complexity of man-
agement and insure more rapid restoration of 
deteriorated riparian zones. 
Summary 
Because of the critical functions of riparian 
buffer systems in crop and rangelands across the 
US, development of riparian zone systems is a 
very important topic at the present time. To man-
age agricultural and rangeland landscapes for 
sustainable crop, forage, animal, and other non-
market outputs means that NPS pollution must 
be controlled, water quality maintained at a high 
I 
l e v e l ,  a n d  b i o d i v e r s i t y  e n h a n c e d .  S u s t a i n a b l e  
a g r i c u l t u r e  a l s o  m e a n s  d i v e r s i f y i n g  t h e  e c o n o m i c  
a n d  e n v i r o n m e n t a l  o p p o r t u n i t i e s  f o r  t h e  f a r m e r  
o r  r a n c h e r  a s  w e l l  a s  d i v e r s i f y i n g  t h e  l a n d s c a p e .  
T h e  M S R B S  s y s t e m  p r o v i d e s  a n  o p p o r t u n i t y  t o  
a c c o m p l i s h  a  c o m b i n a t i o n  o f  s o c i a l ,  e c o n o m i c ,  
e n v i r o n m e n t a l ,  a n d  p o l i t i c a l  o b j e c t i v e s .  T o  d a t e  
m o s t  r i p a r i a n  z o n e  r e s e a r c h  h a s  b e e n  c o n d u c t e d  
e i t h e r  i n  e x i s t i n g  n a t u r a l l y  v e g e t a t e d  r i p a r i a n  
z o n e s  o r  u s i n g  c o o l - s e a s o n  g r a s s  b u f f e r  s t r i p s .  
A l s o ,  r e s e a r c h  h a s  f o c u s e d  o n  e i t h e r  a  b u f f e r  s t r i p ,  
a  w e t l a n d ,  o r  s t r e a m b a n k  s t a b i l i z a t i o n  m o d e l s .  
T h e  M S R B S  s y s t e m  i s  a n  i n t e g r a t e d  m o d e l .  I t  
t a k e s  a  s y s t e m s  a p p r o a c h  t o  t h e  c o m p l e x  s e t  o f  
c r o p  a n d  r a n g e l a n d  r i p a r i a n  p r o b l e m s  a n d  e c o -
n o m i c  a n d  s o c i a l  i s s u e s  f a c i n g  f a r m e r s  a n d  r a n c h -
e r s .  A d a p t a t i o n  i s  t h e  r u l e  r a t h e r  t h a n  t h e  e x c e p -
t i o n  w i t h  t h e  M S R B S  s y s t e m .  
I t  s e e m s  t h a t  a  M S R B S  s y s t e m  o f f e r s  n u m e r o u s  
a d d i t i o n a l  a d v a n t a g e s  o v e r  t h e  t r a d i t i o n a l  c o o l  
s e a s o n  g r a s s  b u f f e r  s t r i p s  a n d  c o u l d  b e  d e s i g n e d  
t o  b e  m o r e  e f f i c i e n t  a t  t r a p p i n g  s e d i m e n t  a n d  
r e d u c i n g  a g r i c h e m i c a l s  t h a n  e x i s t i n g  n a t u r a l  s y s -
t e m s .  M o r e o v e r ,  t h e  M S R B S  s y s t e m  i s  d e s i g n e d  t o  
d i v e r s i f y  t h e  a g r i c u l t u r a l  l a n d s c a p e  b y  i n t r o d u c -
i n g  w i l d l i f e  c o r r i d o r s  w i t h  a  v a r i e t y  o f  h a b i t a t s  
a l o n g  s t r e a m s  a n d  p r o v i d e  f o r  e n h a n c e  a e s t h e t i c s .  
T h e  o p p o r t u n i t y  e x i s t s  f o r  f a r m e r s  o r  r a n c h e r s  t o  
" s e l l "  h u n t i n g  r i g h t s  a s s o c i a t e d  w i t h  r i p a r i a n  
z o n e s  w h e r e  t h e  M S R B S  s y s t e m  h a s  b e e n  d e v e l -
o p e d .  M a r k e t  p r o d u c t s  s u c h  a s  h a y  f r o m  t h e  
w a r m - s e a s o n  g r a s s e s ,  f u e l w o o d  f r o m  t h e  f a s t -
g r o w i n g  t r e e s ,  a n d  s a w l o g s  f r o m  s l o w e r - g r o w i n g  
q u a l i t y  h a r d w o o d  t r e e  s p e c i e s  c a n  b e  p r o d u c e d  
b y  t h e  M S R B S  o v e r  t i m e .  I n  f a c t  t h e  r e m o v a l  o f  
s u c h  " c r o p s "  e n h a n c e s  t h e  f u n c t i o n i n g  o f  t h e  
M S R B S .  T h e  M S R B S  s y s t e m  o f f e r s  a  w a y  t o  
a d d r e s s  t h e  f i e l d  t i l e  p r o b l e m  w h e r e b y  N P S  p o l l u -
t i o n  b y - p a s s e s  t h e  l i v i n g  f i l t e r  I  a g r i c h e m i c a l  
t r a n s f o r m a t i o n  a n d  s i n k  f u n c t i o n s  o f  t h e  v e g e t a -
t i v e  ( t r e e / s h r u b / g r a s s )  b u f f e r  s t r i p .  A  c o n s t r u c t -
e d  w e t l a n d  i s  a n  i m p o r t a n t  c o m p o n e n t  o f  t h e  
M S R B S  s y s t e m .  A  r e l a t i v e l y  s m a l l  c o n s t r u c t e d  
w e t l a n d  c a n  e f f e c t i v e l y  t r e a t  t h e  N P S  p o l l u t i o n  
f r o m  a g r i c u l t u r a l  l a n d  1 0 0  t i m e s  i t s  s i z e .  Y e t  
a n o t h e r  i m p o r t a n t  c o m p o n e n t  o f  t h e  M S R B S  s y s -
t e m  a r e  t h e  s t r e a m b a n k  s t a b i l i z a t i o n  s o i l  b i o e n g i -
n e e r i n g  t e c h n i q u e s  u s i n g  w i l l o w  o r  o t h e r  v e g e t a -
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t i o n  t o  r e d u c e  b a n k  s l u m p i n g  a n d  s t o r m  s c o u r i n g ,  
a n d  c a u s i n g  s o i l  d e p o s i t i o n  a m o n g  t h e  w o o d y  
s t e m s  a n d  c o l l e c t e d  d e b r i s .  
L i v e s t o c k  e x c l u s i o n  i s  t h e  s i m p l e s t  a p p r o a c h  t o  
m a n a g e m e n t  o f  t h e  r a n g e l a n d  r i p a r i a n  z o n e s  o f  
t h e  a r i d  a n d  s e m i - a r i d  w e s t .  H o w e v e r ,  t h i s  
a p p r o a c h  e x c l u d e s  t h e  m o s t  p r o d u c t i v e  e c o s y s -
t e m  f r o m  l i v e s t o c k  u s e  a n d  m a y  n o t  b e  a n  o p t i o n  
i n  n a r r o w  M i d w e s t e r n  r i p a r i a n  z o n e  p a s t u r e s .  
A n  a l t e r n a t i v e  w o u l d  b e  t o  m a n a g e  t h e  r i p a r i a n  
c o r r i d o r s  a s  p a s t u r e s  s e p a r a t e  f r o m  t h e  u p l a n d s .  
I n  t h a t  w a y  g r a z i n g  c a n  b e  r e g u l a t e d  b y  s e a s o n ,  
i n t e n s i t y  a n d  d u r a t i o n .  P l a n t i n g  o f  m u l t i p l e  
s p e c i e s  o f  a d a p t e d  p l a n t s  c a n  b e  d o n e  t o  i m p r o v e  
f o r a g e  p r o d u c t i o n  a s  w e l l  a s  t o  s t a b i l i z e  s t r e a m -
b a n k s  a n d  c r e a t e  w i l d l i f e  h a b i t a t .  
T h e r e  a r e  s t i l l  m a n y  u n a n s w e r e d  q u e s t i o n s  
a b o u t  t h e  d e s i g n ,  f u n c t i o n ,  a n d  m a n a g e m e n t  o f  
t h e  M S R B S ,  c o n s t r u c t e d  w e t l a n d s ,  s t r e a m b a n k  
s t a b i l i z a t i o n  d e s i g n s ,  o r  a n y  o t h e r  b u f f e r  s t r i p  
d e s i g n s .  A m o n g  t h e  m o s t  i m p o r t a n t  a r e  q u a n t i f i -
c a t i o n  o f  t h e  s e d i m e n t  t r a p p i n g  a b i l i t y  a n d  t h e  
n u t r i e n t  a n d  p e s t i c i d e  r e d u c t i o n  a b i l i t y  o f  t h e  
b u f f e r  s t r i p s .  Q u a n t i f i c a t i o n  o f  c h a n g e s  i n  s o i l  a n d  
w a t e r  q u a l i t y  a n d  i n - s t r e a m  e n v i r o n m e n t  r e s u l t -
i n g  f r o m  t h e  p r e s e n c e  o f  t h e  p e r m a n e n t  M S R B S  
s y s t e m  a r e  a l s o  n e e d e d .  W i l d l i f e  h a b i t a t  v a l u e s  
m u s t  b e  a s s e s s e d  a n d  a  c a r e f u l  a c c o u n t i n g  o f  a l l  
s o c i o - e c o n o m i c  a n d  e n v i r o n m e n t a l  b e n e f i t s  a n d  
c o s t s  o f  t h e s e  s y s t e m s  m u s t  b e  m a d e .  H o w e v e r ,  
r i p a r i a n  b u f f e r  s t r i p  s y s t e m s  p r o v i d e  a  m e t h o d  o f  
d e v e l o p i n g  p r o d u c t i v e  a n d  s u s t a i n a b l e  c r o p  a n d  
r a n g e  l a n d s c a p e s  i n  t h e  M i d w e s t e r n  a n d  G r e a t  
P l a i n s  a g r o e c o s y s t e m s  a n d  t h e  s e m i - a r i d  a n d  a r i d  
w e s t e r n  r a n g e l a n d s .  
A c k n o w l e d g m e n t s  
S u p p o r t  t o  d e v e l o p  t h e  M S R B S  s y s t e m  h a s  
b e e n  r e c e i v e d  f r o m  t h e  L e o p o l d  C e n t e r  f o r  
S u s t a i n a b l e  A g r i c u l t u r e ,  t h e  I o w a  D e p a r t m e n t  o f  
N a t u r a l  R e s o u r c e s ,  t h e  U S  E n v i r o n m e n t a l  
P r o t e c t i o n  A g e n c y ,  U S  D e p a r t m e n t  o f  A g r i c u l t u r e  
a n d  M c i n t i r e  S t e n n i s  f u n d s .  J o u r n a l  p a p e r  o f  t h e  
I o w a  A g r i c u l t u r e  a n d  H o m e  E c o n o m i c s  
E x p e r i m e n t  S t a t i o n ,  A m e s ,  I o w a .  P r o j e c t  N o .  
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